Introduction
The rate of progression of atherosclerosis is influenced by cardiovascular risk factors: tobacco use, an unhealthy diet and physical inactivity which together result in obesity , elevated blood pressure hypertension , abnormal blood lipids dyslipidaemia and elevated blood glucose diabetes 1 . Dyslipidemia is marked by high values of high levels of low-density lipoproteins cholesterol and low values of high-density lipoproteins cholesterol. This lipid profile in associate with injury of endothelial is a critical event in the most common pathological processes underpinning cardiovascular diseases CVD 2 . Several nutritional studies have shown that diet and, in particular, dietary lipids have important roles in controlling the concentra-tion of polyunsaturated fats into diet instead of saturated fats reduces CVD 8 . Tropical fats contain large amounts of saturated fatty acids in their TAGs. Lauric acid fats such as palm kernel or coconut oil are those having medium and short chain fatty acids lauric and myristic as the predominant fatty acid in their oils. These fats contain approximately 50 lauric acid, from 15 to 20 myristic acid, and 8-15 of shorter-chain saturated fatty acids, which are usually more plentiful in coconut oil 9 . There are marked variations between the impact of individual types of saturated fatty acids on the levels of low density lipoprotein cholesterol LDL and high-density lipoproteins cholesterol 10 . In this respect, stearic acid C18:0 has been shown to have no effect on low density lipoprotein cholesterol LDL or high-density lipoproteins cholesterol HDL cholesterol or the TC:HDL cholesterol ratio, while, shorter-chain saturated fatty acids have been shown to have a higher LDL cholesterol-raising effect, for example, lauric acid 12:0 increased LDL cholesterol the most, followed by myristic 14:0 and palmitic 16:0 acids. Lauric acid also raised HDL cholesterol most significantly, and it did this disproportionately to TC, so that its replacement of carbohydrate actually led to a significant decrease in the ratio of TC:HDL cholesterol 8, 10 . Roselle is an attractive alternative source of oil.
Roselle Hibiscus sabdariffa L. belongs to family Malvaceae. It is used in the food and pharmaceutical purposes. Roselle is grown mainly in Upper Egypt Aswan and Qena governorates representing around 94 of total cultivated area in Egypt. In Qena governorate, the total planted area is around 1,150 ha 45.83 which either recently reclaimed area 966 ha or the old soil of the valley 189 ha . About 1,353 tons out of 2,648 tons 51.1 of the total production of dry yield of roselle are produced by Qena governorate 11 . The amounts of roselle seeds produced that do not use for recultivation process are lacking economic value 12 . The yield of seeds was recorded at 500-1000 kg/ acre 13 . Roselle seeds contain 9. Therefore, the aim of the present investigation was to evaluate the impact of roselle seeds oil, coconut oil and bilateral admixture of them on the serum lipid profile of experimental rats.
Materials
Dried roselle seeds Hibiscus sabdariffa. cv. Sabheia17 were gently obtained from a private farm in Aswan Governorate-Egypt. Coconut oil cold pressed was purchased from Tropicana Oil Co. Ltd., Nakhon Pathom, Thailand.
Oil extraction of Roselle seeds
Rosella seeds were ground using an electric grinder Braun Model 1021 , to a fine powder. The ground seeds were extracted for 24 hr with n-hexane in a Soxhlet apparatus. Solvent was removed at 50 under reduced pressure using a rotary evaporator. Excess residual moisture is removed by the addition of dried anhydrous sodium sulfate. The oil was centrifuged at 3000 rpm for 30 min and filtered through Whitman No.1 filter paper. The obtained oil was kept in glass containers, and stored at 18 until further use.
Preparation of Blended oils
Both roselle seed oil RSO and coconut oil CNO were blended at the ratios of 0:100, 25:75, 50:50, 75:25 and 100:0 wt , respectively.
The oil blends were individually stirred using a magnetic stirrer for 30 min at 50 and stored at 18 until further use.
Fatty acid compositions of blended oils
Assessing of fatty acids profile was carried out by using capillary gas chromatography HP 6890 . Fatty acid methyl esters FAMEs were done according to the procedure described by El-Anany and Ali 8 . The FAMEs were identified and separated using a gas chromatograph apparatus equipped with DB-23 capillary column 60 m 3 0.32 mm 3 0.25 μm film thickness and a flame ionization detector. The nitrogen flow rate was 3 mL/min; hydrogen and airflow rates were 40 and, 450 mL per minute, respectively. The column temperature program was as follow, the temperature was steady at 170 at a rate of 10 min, then the temperature was increased to 192 at a rate of 5 per min. and remain at this degree for another five minutes and then the degree was raised to 220 at a rate of 10 per minute and remain at this degree for three min. MEFAs were identified and measured against a standard mixture of individual fatty acids. 3.2 Relative organs weight g of rats fed experimental diets At the time of sacrifice, the hearts, livers and kidneys of rats were identified, removed, rinsed with physiological saline solution and dried by tissue papers. The weights of organs with respect to their body weights were immediately recorded.
Experimental Animals

Blood sampling
The samples of blood were collected by retro-orbital sinus punction at the beginning of the experiment, every two weeks during the experiment, and at the end of the experimental period 8 weeks . The blood of the rats from each group was centrifuged at 3500 at 3500 rpm at 4 for 10 min, the serum stored at 25 until final analysis.
Serum lipid analysis
Total cholesterol T-C , high-density lipoprotein cholesterol HDL-C , low-density lipoprotein cholesterol LDL-C , and triglycerides TG , were measured according to the procedures described by El-Anany and Ali 8 . On the basis of the serum lipid profile, the atherogenic index was calculated as previously described, using the following formula: log triglycerides mg /dL /HDL-cholesterol mg /dL 19 .
Statistical analysis
Results are expressed as mean standard deviation SD . Results were analyzed statistically by using and SPSS Version 20.0 SPSS Inc., Chicago, IL, USA . Scheffe's test was used to determine significant differences between the means of groups. The differences were statistically significant at probability p higher than 99 p ≤ 0.05 . 3.6.2 Body weight gain, average food intake and relative weights of organs of rats submitted experimental diets The initial body weight g , final body weight g , weight gain g and relative organs weights of rats submitted experimental diets are introduced in Table 2 . No significant p ≥ 0.05 differences were observed in average food intake, weight gain g , and relative weights of kidney and heart between the study groups Table 2 . However, there were significant p ≤ 0.05 differences between groups in relative liver weight. The relative liver weights of CNO and B1 groups were significantly higher than that of RSO, B2 and B3 groups p 0.05 . The relative liver weights of rats fed diet containing CNO was about 1.15, 1.04, 1.10 and 1.14 times as high as in rats fed RSO, B1, B2 and B3, respectively. In the same time no significant p ≥ 0.05 differences in relative liver weights were observed between rats fed RSO diet and those fed B2 and B3 diets. These findings indicate that mixing coconut oil with various levels of roselle oil attenuates the adverse effect in the relative liver weights Data are expressed as mean±SD.
Values followed by the same superscripts are not significantly different (p < 0.05). RSO means rats fed AIN-93G diet containing 10 % of pure roselle seed oil as a source of fat. CNO means rats fed AIN-93G diet containing 10 % of pure coconut oil as a source of fat. B1means rats fed AIN-93G diet containing25 % roselle seed oil: 75 % coconut oil as a source of fat. B2 means rats fed AIN-93G diet containing50% roselle seed oil: 50 % coconut oil as a source of fat. B3 means rats fed AIN-93G diet containing75% roselle seed oil: 25 % coconut oil as a source of fat.
which caused by coconut oil administration. The liver plays a major role in metabolic regulation of dietary nutrients including fat and carbohydrates. The accumulation of triglycerides in liver parenchymal cells fatty change, or steatosis , a common liver pathology, is a well-established effect of obesity 22 . In this regard, Otogawa et al. 23 show also that hypercholesterolemia results in inflammation and Kupffer cell hyperplasia in the liver. Studies have also shown that hypercholesterolemia results in severe tubular degeneration and necrosis, protein cast accumulation, and medullary congestion 24 . Several studies show that the composition of dietary fat could play a major role in liver fat accumulation with polyunsaturated fatty acids PUFAs adversely 25 and saturated fatty acids SFAs directly related with liver fat and liver fat biomarkers 26 . Animals fed high fat diets incorporated with PUFAs reduced liver fat accumulation compared to SFA diets 27 . In this respect, Bjermo et al. 21 indicate that an isocaloric diet rich in PUFAs submitted for ten weeks reduced the content of liver fat and tended to reduce insulin resistance compared to a diet rich in SFAs in individuals with abdominal obesity and type 2 diabetes. 3.6.3 Serum lipids in rats fed diets containing roselle seed oil RSO , coconut oil CNO and binary mixtures of them Cholesterol and triglycerides as biomarkers, like many other fundamental elements and components of the body, attract the clinical interest In case of their existence in abnormal concentrations. The abnormal levels typically occur because of defects in the synthesis, degradation, and transport of their associated lipoprotein particles 10 . No significant p ≥ 0.05 differences in the level of T-C were observed among experimental groups from the beginning of the experiment to the fourth week of the experiment. However, marked and significant changes in T-C after administration different type of lipids for 8 weeks. Feeding of diet containing coconut oil induced hypercholesterolemia. The elevation in total cholesterol levels of rats fed CNO was observed at the fourth week of the experiment. At the end of the experiment total cholesterol content of rats fed diet containing CNO was about 1.75, 1.10, 1.39 and 1.57 times as high as in rats fed RSO, B1, B2 and B3, respectively. These results indicate that the content of oleic acid and linoleic acid of dietary fats is a factor responsible for governing serum total cholesterol levels. The contribution of fatty acids to the cholesterol levels varies with the nature of fatty acids. Therefore, the structure and type of fatty acids in triglyceride molecules, particularly the length of the chain of fatty acids are the major factors which may affect the levels of serum cholesterol 28 . The lowest level of cholesterol content 92.1 mg/dL at the end of the experiment 8 weeks was observed for rats fed diet containing roselle seed oil. Blinding coconut oil with 25, 50 and 75 of roselle oil inhibited the elevation in T-C by 9.69, 28.16 and 36.16 , respectively compared to CNO rats. No significant p ≤ 0.05 differences were observed in the levels of total cholesterol throughout the experiment between rat fed RSO and those rats fed B3 diet which contains 75 roselle seed oil and 25 coconut oil as a source of fat. The degree of cholesterol lowering of a dietary lipid cannot be attributed simply to the amount of fat, but also the source of fat 29 .
Both the degree of saturation and chain length of dietary triglyceride have recently been shown to be important in regulating serum and liver cholesterol levels 30 . In the present study roselle seed oil contains 27.9 oleic C18:1 and 39.15 Linoleic C18:2 Table 1 . Substitution of SFAs with higher intakes of MUFAs and PUFAs has been reported to reduce the levels of plasma cholesterol 31 .The reduction of blood cholesterol in response to UFA could be caused by changes in several parameters of cholesterol metabolism including fecal excretion of steroids, hepatic synthesis of cholesterol and lipoprotein structure and metabolism 32 .
LDL, HDL, intermediate-density lipoprotein IDL , very low-density lipoprotein VLDL and chylomicrons are the 5 major classes of lipoproteins. Of these, LDL is the predominant cholesterol-carrying lipoprotein comprising 75 of cholesterol carried by non-HDL particles, with the rest 25 of non-HDL-C in triglyceride-rich particles, which include VLDL, IDL, chylomicrons, and their remnants 33 .
Although LDL is necessary in limited quantities LDL delivers cholesterol to various parts of the body , a high LDL cholesterol level can dramatically increase the risk of a heart attack 34 . Table 3 shows the changes in the concentrations of serum LDL-C of rats fed diets containing roselle seed oil RSO , coconut oil CNO and binary mixtures of them. At the beginning of experiment there were no significant p ≥ 0.05 differences in the serum level of LDL-C were detected between the experimental groups. However, at the end of the experiment, serum LDL-C levels significantly differed among groups Table 3 . Rats fed diet containing coconut oil had significant p ≤ 0.05 and gradual increases in low-density lipoprotein cholesterol LDL-C content starting from the fourth week of the experiment and towards the end of the experiment. The highest content 126.49 mg/dL of low-density lipoprotein cholesterol LDL-C was recorded for rats fed CNO diet, while those fed 100 RSO as a source of lipids had the lowest concentration of LDL-C 64.32 mg/dL at the end of the experiment. Blinding coconut oil with different concentrations of roselle seed oil caused significant p ≤ 0.05 reductions in LDL-C content. Rats fed B1, B2 and B3 for eight weeks had a serum LDL-C content of 108.50, 89.08 and 72.57 mg/d dL, respectively. This finding indicate that rats given 25 RSO 75 CNO B1 , 50 RSO 50 CNO B2 , and 75 RSO 25 CNO B3 showed significant decreases in the LDL-C concentrations by 14.22, 29.57 and 42.62 , respectively compared to those given CNO. Substitution of monounsaturated fat or polyunsaturated fat for saturated fat similarly reduces LDL cholesterol but does not reduce HDL or increase triglycerides 10 . Biological studies indicate that conjugated linoleic acid CLA may have salutary effects on the Arteriosclerosis 35 . Rabbits fed for 22 weeks a high fat diet containing conjugated linoleic acid CLA at level of 0.5g CLA/day have achieved significant reductions in total cholesterol, LDL cholesterol, the ratio of LDL-C to HDL-C and in triglyceride concentrations after twelve weeks of the beginning of the experiment 36 . The results obtained from studies on hamsters 37 and pigs 38 provide support for an impact of dietary fatty acid modification on the number of hepatic LDL receptor LDLr . These results have shown that SFA decrease while dietary polyunsatu- RSO means rats fed AIN-93G diet containing 10 % of pure roselle seed oil as a source of fat. CNO means rats fed AIN-93G diet containing 10 % of pure coconut oil as a source of fat. B1means rats fed AIN-93G diet containing25 % roselle seed oil: 75 % coconut oil as a source of fat. B2 means rats fed AIN-93G diet containing50% roselle seed oil: 50 % coconut oil as a source of fat. B3 means rats fed AIN-93G diet containing75% roselle seed oil: 25 % coconut oil as a source of fat.
rated fatty acids PUFA increase membrane-associated LDL in the liver. Serum triglycerides TG concentration of rats was also affected by dietary fat. 39 . This can either be done with fats rich in unsaturated fatty acids such as rapeseed oil or sunflower oil. It can also be achieved by blending different oils or fats with different fatty acid compositions to lower the SFA and increase the MUFA and PUFA content. There were no significant differences in initial serum HDL cholesterol concentrations were found between the experimental groups. In the same time, serum HDL cholesterol concentrations of rats fed submitted diets for 8 weeks did not change significantly from baseline Table 3 . However, the HDL/TC ratio was decreased significantly for rats fed diet containing coconut oil .Blinding coconut oil with different levels of roselle seed oil attenuates these changes.
Atherogenic index AI in recent years has started to gain importance as an indicator of atherosclerosis 19 . Rats fed diet containing CNO diet had the highest AI value. however those fed RSO diet had the lowest value. AI values of rats submitted B1, B2 and B3 were about 1.12, 1.23 and 1.28 times as low as those of rats fed CNO diet, respectively. The results of biological studies suggest that unsaturated fatty acids MUFA, PUFA have anti-atherosclerotic properties, improve lipid profile by reducing total cholesterol, LDL and triglycerides 8, 21 .
Because both the Omega-6 and Omega-3 polyunsaturated fatty acids PUFA are essential fatty acids and reduce the risk of cardiovascular disease 40 , the above-mentioned changes may be attributed to the deficiency of essential fatty acids in coconut oil. In this respect, Danaei et al. 41 checked the lifestyle and metabolic risk factors chronic illnesses and reported a deficiency of Omega-3 fatty acids is considered the eighth biggest murderer of American citizens. Therefore, the study suggests to the importance of enhancing consumer knowledge about the risks and hazards of the deficiency of n-3 omega polyunsaturated fatty acids. Actually, several studies have mentioned different effects of saturated fatty acids on the health. It has been showed that both of lauric acid and myristic acid elevate the levels of total cholesterol, these effects due to the increase in the concentrations of LDL-C, the raise of LDL-C due to an increase in LDL-C and HDL-C levels 42, 43 .
The ratio of total cholesterol to HDL cholesterol is a more precise biomarker of heart diseases than the level of LDL -C. Fats and oils that contain high amounts of lauric C12:0 acid understated the ratio of total to HDL-C. On the other side, myristic, palmitic and stearic acid C18:0 acids have affected very little effects on this ratio 10, 44 . Biological studies have been proven that fats rich in saturated fatty acids raise the concentration of LDL cholesterol by inhibiting the activity of LDL receptors and promoting apolipoprotein apo-B-containing lipoprotein production 42 .
However, monounsaturated and polyunsaturate fatty acids have a positive lipoprotein phenotype by reducing the synthesis and secretion of VLDL cholesterol, reducing the production of apolipoprotein B100 apo B100 and raising the evacuation of TG-rich lipoproteins 8 .
